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SUMMARY The patterns of mucosubstances secreted in the normal human colon and rectum, in benign tumours, and in and around malignant tumours of the colon and rectum have been studied.
Very little neutral mucosubstance was seen in normal specimens; the secretion in these was made up of sulphated and nonsulphated acid mucosubstances, with the former predominating in the deeper half and the latter in the superficial half of the mucosa.
Benign tumours contained moderate amounts of mucosubstance, predominantly acid nonsulphated mucosubstances. Differences in the pattern of secretion were observed between the adenomatous polyp on the one hand and the villous papilloma and the papillary parts of the papillary adenoma on the other.
Carcinomas of colon and rectum contained very little secretion, with very scanty or no evidence of sulphation. The mucosa around carcinomas and in areas of non-polyploid hyperplasia in carcinoma-bearing colons showed two constant patterns, one consisting of very small amounts of secretion, with sulphated mucosubstance predominating, and the other showing normal or increased amounts of secretion almost entirely of the acid nonsulphated variety. The latter pattern extended for several centimetres from the tumour.
The possibility that sulphated mucosubstance might have a role in controlling cell division and that a decrease in its secretion might initiate a sequence of changes leading to malignancy is discussed.
The mucosubstances secreted by the human colon and rectum appear to differ from the normal, both quantitatively and qualitatively, in various diseases (Lauren, 1961; Greco, Lauro, Fabbrini, and Torsoli, 1967; Hellstrom and Fisher, 1967; Filipe, 1969; Gad, 1969; Filipe and Dawson, 1970) . This paper deals with an attempt to demonstrate the various patterns of secretion of sulphated and nonsulphated acid mucosubstances and neutral mucosubstances in benign and malignant tumours of the colon and rectum.
Material and Methods

CONTROLS
The controls consisted of 20 sections of colon and rectum from surgical material and 34 from necropsy material. The surgical specimens were from morphologically normal areas at some distance (usually 'Present address: Department of Pathology, St Tydfils Hospital, Merthyr Tydfil, Glamorgan. at least 5 cm) from any lesion in colons r.-sected for malignancy or vascular disease.
The necropsy material consisted of four spezimens from an adult and 30 from infants, with no clinical or pathological evidence of colonic disease, and showing comparatively little autolytic change on routine histology.
BENIGN TUMOURS
Twelve surgically resected benign tumours were examined. Six of these were adenomatous polyps, five were papillary adenomas, and one had the structure of a villous papilloma.
MALIGNANT TUMOURS
Thirty-two specimen of rectums and colon resected for carcinoma were examined. All specimens were opened and cleaned as soon as they were received and fixed for 24 to 48 hours in 10% formalin. Sections were taken from the tumours and the adjacent mucosa and from any other mucosal lesions seen in the specimen. 200 FIXATION AND PROCESSING The tissues were fixed in 10% formalin for 24 to 48 hours, sectioned at a thickness of Su, and stained with haematoxylin and eosin and by an Alcian blueperiodic-acid Schiff (AB-PAS) sequence (Culling, 1963) , the Alcian blue staining being done at pH 1.0 (AB 1 0-PAS) and pH 2.5 (AB 2.5-PAS).
Some of the specimens from each group were stained by the separate Alcian blue and PAS techniques.
All photographs were taken with Kodak-Wratten fiters no. 11 green and no. 22 orange, alcianophilic material being shown up dark.
Results
Neutral mucosubstances were identified by PASpositive staining, giving a magenta to red colour with the AB 2.5-PAS technique. With this method, acid mucosubstances stained bright blue, and mixtures of acid and neutral mucosubstances took on intermediate colours.
Acid mucosubstances were defined as sulphated or nonsulphated by the AB 1 0-PAS technique, only sulphated mucosubstances staining with Alcian blue at this pH.
CONTROLS
Controls from all levels of colon and rectum at all ages above 3 months showed a consistent pattern with sulphated mucosubstances predominating in the deeper parts of the mucosa and nonsulphated acid mucosubstances at the surface. The mucosa in between showed a mixture of sulphated and nonsulphated acid mucosubstances, with a varying proportion of the two components. Very little neutral mucosubstance was seen, many sections containing none at all. The only exception to this was seen in the ascending colon of infants below the age of 3 months, in which many glands contained a considerable amount of neutral mucosubstance.
BENIGN TUMOURS
All specimens examined showed at least moderate amounts of mucosubstance secretion.
Villous papilloma
The one specimen examined contained a very small amount of sulphated mucosubstance on the villi, the rest of the secretion being composed entirely of nonsulphated acid mucosubstance.
Adenomatous polyps
The greater part of the mucosubstance secreted was the nonsulphated acid mucosubstance with an occasional goblet cell at the base containing neutral mucosubstance or a mixture of neutral and acid nonsulphated mucosubstance. One specimen contained no sulphated mucosubstance apart from a thin rim along the luminal surface. The others contained scanty to small amounts of sulphated mucosubstance confined to the deeper parts of the polyps. Papillary adenomas These toocontainedpredominantlyacidnonsuIphated mucosubstance, with occasional goblet cells in the deeper parts containing neutral mucosubstance or mixtures of acid non-sulphated and neutral mucosubstances. Scanty to small amounts of sulphated mucosubstance were seen in the deeper parts in all but one case, which showed a small amount of sulphated mucosubstance on the surface of papillary processes only. The papillary processes in other cases contained less mucosubstance than the deeper parts, with very scanty to no sulphated mucosubstance.
Two types of glands could be distinguished at the depths of one papillary adenoma. One type contained small amounts of mucosubstance, none of which was of the sulphated variety. The other contained larger than normal amounts ofmucosubstance, a very small part of which was sulphated, the rest being of the nonsulphated variety.
MALIGNANT TUMOURS
Tumour tissue
The tumour tissue in every case contained considerably less mucosubstance than normal, almost no secretion being observed in three cases. In general the amount of mucosubstance secreted corresponded to the extent of histological differentiation.
Of the 29 cases in which some amount of mucosubstance secretion was seen, one contained only neutral mucosubstance. In the other cases the The mucosa outside this strip appeared abnormal for a varying distance, amounting to several centimetres in some cases. The glands in this area contained normal, or more commonly, increased amounts of secretion, almost entirely of acid nonsulphated variety, with very little or no sulphated mucosubstance and no neutral mucosubstance.
Other mucosal lesions seen in specimens of bowel bearing a carcinoma Fourteen of the 32 specimens showed one or more small mucosal lesions apart from the carcinoma. Twenty-seven such lesions were obtained from these 14 cases. Eleven of these lesions were classified as adenomatous polyps, nine as 'non-polypoid hyperplasias', one as a papillary adenoma, one as a sessile area of intraepithelial malignancy, four as adenomatous polyps with areas of intraepithelial malignancy, and one as an adenocarcinoma with invasion confined to the mucosa. The term 'intraepithelial malignancy' has been used here for lesions showing marked cellular atypia and crowding with a number of mitoses, but no evidence of invasion even within the mucosa.
The lesions described as non-polypoid hyperplasias were sessile lesions, in many cases confined to the superficial part of the mucosa. They were made up of large glands, with the lining thrown up into papillary folds. The lining cells were large and in many cases had foamy or granular cytoplasm. Two types of mucosubstance secreted were seen in these. In one type normal or slightly less than normal amounts of secretion were seen, composed entirely of nonsulphated acid mucosubstance. In the second type very little secretion was seen, made up almost entirely of sulphated mucosubstance. In some cases both types of glands could be seen within the same lesion, the first type nearer the surface, while the second type occurred at the depths.
The glands in the adenomatous polyps contained varying amounts of secretion, from less to greater than normal. The mucosubstances secreted were almost entirely nonsulphated. In two cases moderate amounts of sulphated mucosubstance were seen; the total amount of secretion in both cases was much higher than normal so that the proportion of sulphated mucosubstance to total mucosubstance was very low. The sessile area of intraepithelial malignancy contained very little secretion, made up entirely of nonsulphated acid mucosubstance. In the polyps with intraepithelial malignancy, the adenomatous areas showed the same patterns as those described above in the simple adenomatous polyps. The malignant area in three contained very little secretion, almost entirely of nonsulphated acid mucosubstance. The fourth showed more secretion-still, however, less than normal. A large part of this was sulphated and a small amount of neutral mucosubstance was also seen.
The one lesion identified as a carcinoma showed small amounts of neutral and nonsulphated acid mucosubstance, with no sulphated mucosubstance.
The patterns of secretion did not appear to be related in any way to the part of large bowel affected.
Discussion
The normal patterns of mucosubstance in the human colon and rectum have been described by various authors (Lauren, 1961; Lev and Spicer, 1965; Greco et al, 1967; Goldman and Ming, 1968; Filipe, 1969; Gad, 1969; Johansen and Kay, 1969; Filipe and Dawson, 1970) . The presence of sulphated and nonsulphated acid mucosubstance is generally agreed upon, though there is some difference of opinion regarding their distribution. Thus Lev and Spicer (1965) found cells containing sulphomucin to be more numerous in the upper half of crypts. This is directly opposed to the results obtained by Filipe (1969) and Gad (1969 This finding does not appear to have been confirmed by any other worker. Filipe (1969) reported that moderate amounts of neutral mucosubstances could be seen at the surface and in the upper crypt. Filipe and Dawson (1970) , however, reported finding only small amounts of neutral mucosubstances in the upper third of crypts in the rectum. Lauren (1961) found very little PAS-reactive material in the colon except at the surface of the rectum. Lev and Spicer (1965) and Gad (1969) hive found little neutral mucosubstance secreted in the large intestines. In the present series too very little neutral mucosubstance has been found at any level in the human colon and rectum. The reason for these differences in results is not clear. The results obtained by Greco et al (1967) might have been due to difference in the pH at which the Alcian blue staining was done.
The patterns seen in carcinomas in the present series agree very closely with those of Filipe (1969) and Gad (1969) . The significant features seem to be the presence of a wider variety of mucosubstances than is seen in the normal colon and the relatively small amount of sulphomucin secretion.
Filipe (1969) has described two types of mucosubstance secreted in adenomatous polyps. In one group, little or no mucin was seen, the little that was secreted being predominantly sulphated. This type of secretion was not seen in any of the simple adenomatous polyps in the present series, but was seen in the mucosa adjacent to carcinomas.
The second type described by Filipe (1969) showed variable amounts of secretion, again predominantly sulphated. This too was not seen in the present series, the characteristic picture being the presence of variable amounts of mucin, almost entirely of the nonsulphated acid variety. A similar picture was described by Gad (1969) . Only two cases in the present series resembled those described by Filipe (1969) .
The papillary processes of the papillary adenomas and the villous papilloma showed an identical pattern, different from that seen in the adenomatous polyps. A striking feature about the former was its resemblance to the pattern seen at the surface of normal colons. This probably does not mean that there is a histogenetic difference between the adenomatous polyp and the villous papilloma. Greco et al (1967) have suggested that differences in the type of secretion in superficial and deep parts of crypts may represent different stages in the life cycle of the goblet cell. The differences in the patterns of secretion in the villous papilloma and the adenomatous polyp may represent a difference in the mode of maturation of cells rather than a difference in-the cell of origin.
No significant difference in mucosubstance secreted was observed between the simple adenomatous polyps and papillary adenomas and the corresponding tumours seen in cancer-bearing colons.
The patterns observed in non-polypoid hyperplasias, intraepithelial malignancies, and in the mucosa surrounding tumours showed certain striking similarities. Two patterns were constantly observed in non-polypoid hyperplasias and in the mucosa adjoining tumours. These were: (1) a zone with very little secretion, with sulphated mucosubstance predominating, and (2) a zone of excess secretion, predominantly nonsulphated acid mucosubstance. Three of the intraepithelial malignancies showed very little secretion with nonsulphated acid mucosubstance predominating. The carcinomatous tissue too showed very little or no secretion, with very little or no sulphated mucosubstance.
The mechanism of sulphation in sulphated polysaccharides is controversial, the chief point at issue being whether sulphation takes place before or after formation of the polysaccharide chain (Brimacombe and Stacey, 1964 ). The mucosubstance patterns described above could be explained by the assumption that sulphation was the last event in the chain. Thus if a block occurred in the sulphation mechanism this would lead to normal or increased secretion of mucosubstance, predominantly of the non-sulphated acid variety. If a block occurred in polysaccaride formation, the total amount secreted would be less, but what little was formed would be predominantly sulphated. A block occurring at more than one level would explain the formation of very small amounts of mucosubstance with very little sulphation observed in carcinomas.
One question that appears worth investigating is whether the change in mucosubstance secretion has any causal relationship to the development of carcinoma. In other words, do the changes in secretion precede the development of malignancy, or do they merely represent a disorder of cellular function as a result of malignant change? The constancy with which changes in mucosubstance secretion occur is an interesting phenomenon. It is even more significant that changes in secretion occur for quite a distance around carcinomas. The changes observed in this series in mucosa surrounding carcinomas are very similar to those described by Filipe (1969) as transitional mucosa. There is some experimental evidence to suggest that sulphated mucosubstances might inhibit tumour growth (Lippman, 1965) . This raises the possibility that the sulphated mucosubstances seen in the normal colon might have a role in controlling cell division. The predominance of sulphated mucosubstance in the deeper parts of the mucosa where cell division occurs normally would support this view. A decrease in the secretion of sulphated mucosubstance would then predispose to malignancy. Such a decrease could be due to either a decrease in the total amount of mucosubstance secreted, or a specific defect in sulphation. Hellstrom and Fisher (1967) reported that the total amount of mucosubstance secreted tended to be markedly diminished in ulcerative colitis but not in Crohn's disease of the colon. This is interesting in view of the well known relationship between ulcerative colitis and colonic carcinoma. Filipe and Dawson (1970) have confirmed this finding, and added that in general the mucosubstance that remained in ulcerative colitis seemed to be rather more acid nonsulphated than sulphated. Assuming that sulphated mucosubstances control cell division, mucosa in which such change has occurred would show increase in the rate of cell division, resulting in hyperplasia; the chances of mutation occurring would also be increased, resulting in a tendency to malignant change.
The patterns of secretion seen in this series would support such a sequence. First there is a field change over a relatively wide area with secretion of normal or increased amounts of mucosubstance secretion, with little evidence of sulphation. Within this area, one or more small foci show a further change, consisting in diminution in the total amount of secretion. These two changes would explain the spectrum of patterns observed in benign neoplasms and in nonpolypoid hyperplasias. It is possible that these areas of hyperplasia are reversible and that very few of them progress to malignancy (Crocker and Veith, 1964) . If they do progress to malignancy a further change in secretion occurs, with perhaps blocks at more than one level of synthesis. Bockus, Tachdjian, Ferguson, Mouhran, and Chamberlain (1961) have suggested that there are varying degrees of 'colon susceptibility' to carcinomas and polyps, and that increased susceptibility to one is often accompanied by increased susceptibility to the other. The multiplicity of mucosal lesions in colons bearing a carcinoma has been pointed out by several authors (Helwig, 1947; DeMuth, Cherney, and Fitts, 1952; Moertel, Bargen, and Dockerty, 1958; Bockus et al, 1961; Crocktr and Veith, 1964; Wood, 1967) . These features could be explained by a series of events such as those described above.
One way of ascertaining if such a sequence occurs would be to study conditions known to predispose to malignancy, such as ulcerative colitis. Morson and Pang (1967) have described changes suggestive of precancer or carcinoma in situ in cases of ulcerative colitis. It would be of interest to study the patterns of mucosubstance secreted in these foci, and to see if field changes of the type suggested occur in these cases.
